INTRODUCTION
Infants born to mothers receiving methadone maintenance often develop withdrawal symptoms in a complex known as the neonatal abstinence syndrome (NAS). NAS is characterized by signs and symptoms of CNS hyperirritability, gastrointestinal dysfunction, respiratory distress, and autonomic symptoms. (1) Common symptoms in order of frequency include tremors, high-pitched cry, sneezing, increased muscle tone, regurgitation and vomiting, poor sleep, loose stools, sweating, excoriation, mottling, nasal stuffiness, low-grade fever, and tachypnea. NAS reflects a spectrum of disease, and those with milder symptoms respond well to supportive treatments.(2) NAS symptoms severe enough to require pharmacologic treatment occur in 55-94% of infants born to opioiddependent mothers. (1) The optimal pharmacologic regimen for NAS has not been established, as reflected in the considerable heterogeneity in the diagnosis (3) and treatment of NAS among different institutions. (4, 5) Treatments employed have included opioids, anticonvulsants, benzodiazepines, alpha 2 adrenergic antagonists, chloral hydrate, and the phenothiazine antipsychotic agent chlorpromazine.
Cochrane reviews, (6,7) the American Academy of Pediatrics, (1) and expert review (8, 9) identify opioid replacement as the ideal treatment for the withdrawal symptoms associated with in utero exposure to opiates. Morphine is the most commonly used agent, and is associated with treatment duration of 8-79 days, (10) (11) (12) (13) (14) (15) almost always in an inpatient setting. The use of outpatient treatment in highly selected patients has been reported to be associated with shorter inpatient stays, but longer total duration of therapy. (16) Buprenorphine is a long-acting partial mu opioid receptor agonist used in the treatment of adult abstinence therapy. It has the advantage of decreased abuse potential and less respiratory depression than other opioid agonists. We have previously reported the first use of sublingual buprenorphine in NAS at a dose of 13.2 mcg/kg/day in three divided doses. (17) Though designed as a phase 1 safety study, the investigation suggested reduction in lengths of treatment and inpatient hospitalization of approximately 30%. A higher incidence of phenobarbital adjunctive therapy in the buprenorphine group led us to optimize dose parameters. We report here on a second cohort of 24 patients treated with this revised dose schema.
METHODS

Study Design
This was a single site, randomized, open label trial. (Figure 1 ) Neonates were randomized to treatment with either sublingual buprenorphine or oral morphine in a 1:1 ratio. NAS was graded using the MOTHER NAS score, which is the standard instrument used in the multicenter NIH funded MOTHER study Computer-generated randomization was performed by the hospital Investigational Drug Service.
Study Treatments
Patients randomized to sublingual buprenorphine initially received 15.9 mcg/kg/day in 3 divided doses. Buprenorphine solution was prepared by mixing buprenorphine for injection (Buprenex, Reckitt Benckiser) to a final concentration of 0.075 mg/mL in 100% ethanol USP (30% of total volume) and simple syrup USP (85 gm sucrose/100 ml). The solution was administered under the tongue followed by insertion of a pacifier to reduce swallowing. Dose escalation was a 25% increase for NAS scale scores ≥24 total on 3 measures or a single score of ≥12. Patients with inadequate control could be administered a rescue dose of 50% of the previous dose, after which the subsequent dose would be advanced 25%. After at least 3 days of dose stabilization, patients could begin weaning for scores < 8. Weaning was at intervals of 10%. Cessation of dosing occurred when buprenorphine was within 10% of the initial dose. All dose calculations were based upon birth weight. If NAS was not controlled with maximally specified dose of 60 mcg/kg/day, patients were administered phenobarbital 20 mg/kg load followed by 2.5 mg/kg twice a day for at least 2 days. Phenobarbital was weaned prior to reduction of the opioid. When NAS scores were reliably <8, the daily dose of phenobarbital was reduced by 50%, followed by complete cessation.
Standard of care treatment at Thomas Jefferson University Hospital consisted of an initial dose of morphine 0.4 mg/kg/day in 6 divided doses with dose escalation of 10%/day for NAS scale scores ≥24 total on 3 measures or a single score of ≥12. All dose calculations were based upon daily weight.
Adjunctive treatment with phenobarbital was initiated when the dose of morphine reached 1 mg/kg/day. Weaning from the phenobarbital was the same in both the buprenorphine and morphine groups. Infants were weaned with 10% dose reduction every 24 hours in morphine as tolerated until 0.15 mg/kg/day was reached. All patients in the trial were observed for at least two days following the cessation of dosing.
Statistics
This was a follow up pilot study to optimize the dose of sublingual buprenorphine in neonates. Therefore, sample size was not based upon a formal power calculation. Group comparisons for continuous variables were made using the Mann-Whitney U test. Statistical analysis was completed with JMP 5.1.2, (SAS Institute Inc.) Analysis was performed on an intention to treat basis.
RESULTS
Twenty-four infants were enrolled between March 2008 and January 2010.
Patient characteristics are presented in Table 1 .
Safety
A list of all adverse events observed in the trial is presented in Table 2 .
There was one serious adverse event in a patient randomized to buprenorphine.
This infant randomized to buprenorphine had adverse events of CMV infection, prolonged reflux/poor feeding, elevated transaminases, aminoaciduria, and paronychia of a finger. Poor feeding and enteral hypomotility was initially thought to be part of NAS, but lack of resolution on buprenorphine and phenobarbital, and indeed no worsening when these drugs were removed led to further medical evaluation. CMV was noted in urine, and a lack of cerebral calcifications or microcephaly at birth suggest a late in utero or possibly nosocomial infection.
Length of buprenorphine treatment was 45 days and length of stay was 98 days.
On the last day of buprenorphine weaning, alanine transaminase (ALT) was noted to be 30x the upper limit of normal (ULN), while aspartate transaminase (AST) was noted to be 20x ULN. These values waxed and waned over the remainder of the hospitalization, and remained elevated 6 weeks following the cessation of buprenorphine. Bilirubin was never elevated. The DSMB reviewed the case and came to the unanimous judgment that buprenorphine was not responsible for the clinical course of the infant, but did endorse our suggestion to monitor liver function for future enrollees. Liver function testing pre-dose, and at 7 and 21 days post randomization was normal in 6 subsequent patients (three in each treatment arm).
Efficacy
Infants treated with buprenorphine had a 23-day length of treatment compared to 38 days for those treated with morphine (p=0.01). (Table 3 and Buprenorphine has a more rapid up-titration of dose compared to morphine, which may allow a quicker attainment of symptom control. Though both regimens employ a 10% weaning schedule, buprenorphine is stopped when a dose within 10% of the starting dose. In contrast, the initial morphine dose is 0.4 mg/kg/day, while cessation of dosing takes place only after drug has been weaned to 0.15 mg/kg/day. Finally, the buprenorphine group dosing was based upon birth weight, while the morphine group was dosed according to daily weight.
This difference serves to decrease a relative dose of buprenorphine as the infant grows. Additionally, the unique characteristics of buprenorphine make exploration of outpatient use for treatment of NAS a ripe area for clinical research. 
